electrical responses from chemoreceptive nerves in the carp were carried out on the palatine, facial and branchial nerves. The procedure for obtaining the palatine nerve preparation was the same as that previously described (KONISHI and ZOTTERMAN , 1961; K ONISHI and NIWA, 1964; . The facial nerve innervating the lining of the mouth could be exposed at the bottom of the orbit by removing the eyeball . The responses from the facial nerve innervating the lining of the mouth of the sea catfish were recorded using the same methods as were used previously KONISHI and HIDAKA, 1967) . The nerve was exposed at the orbit after removing the. eyeball and was then dissected into small strands for use . The response of the frog was. recorded from the glossopharyngeal nerve while the tongue of the animal was stimulated . The central nervous system of the frog was destroyed by a needle to abolish spontaneous movements of the animal . Each of these chemoreceptive nerve was lifted on to a platinum wire electrode and connected to one input of a R. C. -coupled preamplifier, which led in series to an integrator (cf. BEIDLER , 1953) having a rise time constant of 0.2 second, a D. C. main-amplifier and then a double beam cathode ray oscilloscope . The other input was attached to adjacent tissues and grounded . Bypassing the integrator the impulse discharge was directly displayed on the second beam of oscilloscope (FIG.1) .
To quantify the integrated neural response, the magnitude of the peak response was measured.
FIG.1.
Stimulating and electrical recording systems. For explanation , see text.
The stimulants tested were oxygen, carbon dioxide, nitrogen, air, hydrochloric acid, acetic acid, potassium dihydrogen phosphate, disodium hydrogen phosphate and sodium chloride.
Air was passed through a column of activated charcoal packed in a bottle of about 1 liter capacity.
The test gases were applied to the sensitive regions of chemoreceptive organs using a specially made apparatus (referred to as A in FIG .1 both the fishes increased with rising concentration of carbon dioxide. There was a declining rate of increase yielding a saturation type of response-concentration curve over the concentration range tested. b) Responses to acid solutions. Since carbonic acid is present at the receptor surface as a product of hydration of carbon dioxide at the moist surface, hydrogen ions might be responsible for the stimulation of the chemoreceptors by carbon dioxide.
In frog) and hydrochloric acid solutions increased with rising concentration of hydrogen ions over the pH range used. However, the relative stimulating intensities of the three acid solutions for the carp were different from those for the frog; in the carp carbon dioxide solution is roughly about twice as effective as the same pH of acetic acid or hydrochloric acid, in the pH range 5.0 to 4.3 (FIG.4A) .
On the other hand, in the frog only a small difference in effectiveness is noted between carbon dioxide solution and hydrochloric acid at pH 4.7 and 4.3 (FIG.4B) .
c) Effect upon response of carbon dioxide and acids in buffer solution. This suggests that if indeed a receptor exists in these fishes for detecting oxygen tension, as suggested by SATCHELL (1961) and HUGHES and SHELTON (1962) , it may be basically different from that for carbon dioxide in its mechanism for detecting the gas tension.
The present finding, that the effect of carbon dioxide, applied externally to the palatal organ, was inhibitory on the opercular movements does not appear to agree with the well documented evidence that the breathing rates and respiratory volumes of teleosts including the carp tend to increase as carbon dioxide concentration in the respired water is raised (BLACK, 1951; HUGHES and SHELTON, 1962; SAUNDERS, 1962) . Original data from experiments with carbon dioxide changes in the water with the puffer fish, Spheroides maculatus, (HALL, 1934) , the minnow, Phoxinus laevis, the perch, Perca fluviatilis, 1934), the stargazer, Uranoscopus scaber, (MEYER, 1935) , and the tench (HUGHES and SHELTON, 1962 ) all show total breathing frequencies per 30 seconds or per minute.
Since these fishes were kept throughout the experiments in water of the high carbon dioxide concentrations tested, it might be expected that carbon dioxide affected directly the respiratory center, the blood, or some other body tissues besides the external chemoreceptors which were thus overridden.
It is noteworthy that in the dogfish, Squalus acanthias, perfusion of the pharynx with water equilibrated with 5% carbon dioxide and 95% oxygen caused a profound respiratory inhibition in the intact fish, whereas in the gill-deafferented fish, 5% carbon dioxide caused some acceleration of breathing rate without any prior inhibitory episode (SATCHELL, 1961 The effects of carbon dioxide dissolved in water, acetic acid and hydrochloric acid were studied on the carp palatal and frog tongue chemoreceptors. In the carp the effect of carbon dioxide was distinguishable from those of the other two stimulus solutions of the same pH, whilst in the frog it was nearly the same as that of hydrochloric acid, over the pH range investigated.
The stimulatory effects of mixtures of the above acid stimulants in phosphate buffer upon the palatal chemoreceptors were studied. Addition of carbon dioxide and acetic acid to 0.025M phosphate buffer (pH 7.1) increased the stimulating effectiveness of the phosphate buffer, while addition of hydrochloric acid tended to depress the response, over the pH range 7.0 to 6.3. The enhancing effect of the carbon dioxide was greater than that of acetic acid at the same pHs.
The effects of prior stimulation of the receptor by one acid on the response of the receptor to another acid solution were studied on the carp palatal and frog tongue chemoreceptors.
In the carp the cross adaptation of the receptors appeared to be slight between carbon dioxide and the other two, whilst in the frog it was pronounced between carbon dioxide and hydrochloric acid.
The effects of stimulation of the chemoreceptors by respiratory gases upon the opercular movements of the carp were studied. Application of carbon dioxide to the palatal organ exposed in air caused immediate decrease of the opercular movements of the animal in amplitude and occasionally in frequency. Neither air nor oxygen had any apparent effect on the respiratory movements of the animal.
